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Abstract 
The objective of this study was to confirm, if it is possible to use some monoionic forms of montmorillonite containing metal 
ions, such as copper, nickel and iron for removing of organic pollutants. These metal ions (Cu(II), Ni(II) and Fe(III)) were used 
for preparation of three powdered modified monoionic forms of montmorillonite which is able to adsorb not only metal ions but 
also organic pollutants. The organo-montmorillonite was created after interaction of montmorillonite with an organic pollutant, in 
our case, with 3-aminophenol. This organo-montmorillonite can be used in many applications including adsorbent agents, paints, 
cosmetics or oil well drilling fluids. X-ray powder diffraction was used for investigation of changes in basal spacing of forms of 
montmorillonite with metal ions (Cu(II)-, Ni(II)-, Fe(III)-MMT). Thermal behaviour of prepared samples was based on DTA/TG 
analysis. Crystal samples were observed by optical microscopy which allowed us to observe the diversity between layers of 
resulting crystal samples of montmorillonite.  
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of MMS 2015. 
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1. Introduction 
Organically-modiﬁed clay minerals (organoclays) are potentially used in the role of sorbents of organic pollutants 
in environmental remediation applications. The interesting feature of montmorillonite structure is that the cations in 
the interlayer space can be replaced by organic or inorganic molecules through intercalation which allows us to 
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determine the convenient method for preparation of new composites. Moreover, by exploiting this intercalation 
behavior, montmorillonite is being used in preparation of different types of polymeric-clay nanocomposites and 
hybrid materials with better physical, mechanical and thermal properties. It is important to note that the preparation 
of clay-based materials and their suitability for the different applications are predominantly based on their 
physicochemical properties, such as strength, plasticity, compressibility, swelling etc. and these mentioned 
properties are noticeably depended on the microstructure and the disorder anisotropy present in layer stacking. Thus 
the intercalation of different organic molecules into montmorillonite interlayers and investigation of various 
microstructural properties are significantly important for the users of these compounds [1]. It has been demonstrated 
that natural organic matter interacts strongly with Fe(III) montmorillonite. The catalytic reactivity of acid-activated 
and some inorganic cation-exchanged (Cu(II), Fe(III)) clay therefore makes them attractive as decontaminants. The 
mixed-cation organoclays containing both organic and inorganic cations exchanged onto the clay surface can act as 
both sorbents and decontaminants of hydrophobic organic pollutants [2]. The colloidal behavior of clay particles in 
liquid is important for the formation, shaping and sintering of a ceramic part and hence its ﬁnal quality. Clay 
particles can be dispersed or coagulated in aqueous media by addition of chemical reagents [3]. Industrial 
applications of toxic heavy metals in the last few decades have resulted in serious environmental problems owing 
mainly to the disposal of heavy metals by several industrial activities including chemical manufacturing, painting 
and coating, mining, extraction, nuclear and other industries. In addition, pollution caused by heavy metals 
represents common and serious problems for human health and life due to the excessive release of metallic particles 
into the aquatic and soil systems leading to increasing contamination of urban and industrial wastewaters by toxic 
metal ions. Several known methods and processes are commonly used for removal of toxic metals from their real 
matrices. These are often performed by evaporation, liquid-liquid extraction, ion exchange, electrochemical 
treatment, redox reaction, reverse osmosis and many others. On the other side, these methods have usually some 
specific disadvantages including low efﬁciency, high energy demand as well as time and chemical consumption [4].  
2. Experimental part 
2.1. Preparation of the monoionic form of montmorillonite 
Three monoionic forms of montmorillonite (Cu(II)-, Ni(II)- and Fe(III)-MMT) were prepared from Ca(II)-
montmorillonite in the following way: the aqueous solutions of CuCl2, NiCl2 or FeCl3 with concentration of 
c = 1 mol.dm-3 were mixed with Ca(II)-MMT. The suspensions were mixed for five hours every day during five 
days (the mixing process was repeated after 24 hour).  
Finally, Cu(II)-, Ni(II)- and Fe(III)-MMT were washed by water until Cl- was completely eliminated. A presence 
of Cl- was investigated by 2% solution of AgNO3. After this process, monoionic forms of MMT were dried at 60 °C. 
After drying, the samples were crushed to powder and prepared for pre-determined analysis. The preparation 
process of monoionic forms of montmorillonite is presented in Fig. 1 and Fe(III)-montmorillonite is used as 
an example.  
 
Fig. 1. Preparation of Fe(III)-montmorillonite. 
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2.2. Preparation of organo-montmorillonites 
As organic pollutant, 3-aminophenol (3-AP) from Merck Milipore company in the form of grey powder was 
used. The organic pollutant (2.6 g) was added to 1 g of prepared Cu(II)-, Ni(II)- and Fe(III)-MMT. The obtained 
mixtures were mixed with 100 ml of distilled water until the MMT was completely intercalated. It was indicated by 
the colour change between original and mixed suspension. After sedimentation of sample of organo-
montmorillonite, the water from mixture was evaporated and the obtained solid sample was dried at room 
temperature. After drying, prepared organo-montmorillonites were crushed to a powder and prepared for pre-
determined analysis (X-ray powder diffraction, thermal analysis and microscopic study). Preparation process of 
organic form of montmorillonite is presented in the Fig. 2 and the Fe(III)-montmorillonite before and after 
interaction with 3-aminophenol is used as an example.  
 
Fig. 2. Preparation of organic form of montmorillonite. 
3. Results and discussion 
3.1. X-ray powder diffraction 
X-ray powder diffraction patterns (Fig. 3) were recorded by Bruker D8 DISCOVER diffractometer with CuKα 
radiation in the region between 3° and 30° of (2Ө) at specific current input (12 kW) and step of 0.5 and time of 
measurement was 1 sec. The different distances of interlayer space between monoionic form of MMT and tits 
organo-form are clearly visible in the Fig. 3. Black curves stand for standards and coloured curves stand for 
modified samples with 3-AP. Diffraction peaks of organo-form of MMT are shifted to the higher angle designated 
as 2 Theta.  
 
Fig. 3. XRD diffraction patterns of prepared samples. 
Table 1 summarizes the results from X-ray powder diffraction (XRD). The greatest increase in the values of 
interlayer distance was observed in the case of Cu(II)-MMT after interaction with 3-aminophenol (0.63 nm). The 
second greatest increase in the values of interlayer distance is recognized for Fe(III) -MMT after interaction with        
3-aminophenol and the smallest increase is specified for Ni(II)-MMT after interaction with 3-aminophenol. 
In relation to the values of exchangeable cations in the interlayer space of MMT, the greater increase is determined 
for Cu(II) cation in comparison with the values  of increase for  Ni(II) and Fe(III) [5–7]. Since this cation has the larger 
ionic radius, this property may lead to the creation of less space for absorption of AP in the interlayer space. 
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          Table 1. XRD data of prepared samples. 
Sample 2 θ (°) d001 (nm) Δd001 (nm) colour 
Cu(II)-MMT 7.1 1.25   
0.63 
turquoise 
Cu(II)-MMT + 3-AP 4.7 1.88 brownish black 
Ni(II)-MMT 7.2 1.23   
0.3 
cream 
Ni(II)-MMT + 3-AP 5.8 1.53 grey 
Fe(III)-MMT 6.05 1.46   
0.08 
ginger 
Fe(III)-MMT + 3-AP 5.75 1.54 dark grey 
3.2. Thermal analysis 
Thermal analysis was performed using Derivatograph Q-1500 D with heating rate of 10 °C.min-1. Data from 
thermal analysis shows that there are shifts of the first step or peak to higher temperatures after interaction of 
montmorillonite with 3-aminophenol (Fig. 4, Table 2). This thermal analysis can be expressed by these following 
changes:  
• 3-aminophenol was coordinated to structure of montorillonite by water bonding at first step. The second step, in 
this case, was connected with the slacking of free coordinated 3-aminophenol from montmorillonite structure and 
the last step was based on dehydroxylation and decomposition of montmorillonite structure (Cu(II)-MMT + 3-AP). 
• 3-aminophenol was indirectly coordinated by water bonding at the first step up to 350 °C. The second peak was 
not as high as the peak of Cu(II)-MMT + 3-AP while the given observed  peak was probably the result of 
evaporating of 3-aminophenol and moreover, it was directly coordinated to structure of montmorillonite because 
last steps was connected  only with dehydroxylation of montmorillonite (Ni(II)-MMT + 3-AP). 
• Organo-form of Fe(III)-montmorillonite shows similar results in comparison with the results of Ni(II)-MMT. The 
first peak could be attributed to indirectly coordinated form of 3-aminophenol by water bonding and the second 
peak could attributed to coordinated form of 3-aminophenol to the structure of montmorillonite. The last step 
presents the dehydroxylation of montmorillonite (Fe(III)-MMT + 3-AP). 
 
It is important to pay attention to the fact that changes observed at 350 ºC are not based only on dehydroxylation 
of MMT but there are changes in structure – small cations can diffuse into the structure of MMT [8]. 
 
Fig. 4. Thermal decomposition of M-MMT+ 3-AP, where M is Cu(II) (left), Ni(II) (in the middle) and Fe(III) (right). 
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              Table 2. Thermal data of prepared samples. 
Sample 
TG: Δm (%) DTG: Tp (°C) 
I. II. III. IV. I. II. III. IV. 
Cu(II)-MMT 8.5 - 2 9 120 - 530 700 
Cu(II)-MMT + 3-AP 27 - 30 6 250 - 525 550 
Ni(II)-MMT 10 5 2 2 140 350 560 690 
Ni(II)-MMT + 3-AP 49 - 7 10 250 - 420 500 
Fe(III)-MMT 15 - - 9 145 - - 700 
Fe(III)-MMT + 3-AP 38 - 10 15 255 - 400 515 
3.3. Microscopic study 
For microscopic investigation, Jenavert optical microscope was used. Data from optical microscopy are presented 
in Fig. 5. It shows various magnifications of montmorillonite samples with 3-aminophenol (3-AP). 
After interaction of monoionic form of montmorillonite with 3-aminophenol, the samples were dried at room 
temperature. During drying, some crystals were created on the surface of samples. Cu(II)-MMT + 3-AP (Fig. 5A) is 
shown under magnification of 7-times, 15-times and 40-times. Surface of this crystal sample is full of magnetising 
particles. For Ni(II)-MMT + 3-AP, the magnification is 7-times and 15-times (Fig. 5B). Interaction between Ni(II)-
MMT and 3-AP led to creation of white crystals. In comparison with previous montmorillonite (Cu(II)-MMT), this 
sample does not exhibit magnetisms. Results from microscopic study of Fe(III)-MMT + 3-AP sample, shown in Fig. 
5C, exhibit the crystal form with light yellow colour. Crystals of this sample have the layered structure.  
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. Investigation of M-MMT + 3-AP, using optical microscope, where M is Cu(II) (A), Ni(II) (B) and Fe(III) (C). 
4. Conclusion 
Natural form of montmorillonite (from the locality called Jelšový Potok, Slovakia) was modified for 
improvement of the ability to adsorb toxic organic compounds from water solution. In this study, three monoionic 
forms of montmorillonite were prepared. Results from XRD analysis show that interlayer distance (d001) is 
increased. These positive changes of interlayer distance (0.63 nm Cu(II)-MMT; 0.3 nm Ni(II)-MMT; 0.08 nm 
Fe(III)-MMT) are quite small. The most significant change of the interlayer distance was observed for Cu(II)-
monoionic form of montmorillonite (0.63 nm). This result can be attributed to different ionic radius of metal ions 
and level of their hydratation. Results from thermal analysis confirm that 3-aminophenol can be coordinated 
indirectly or directly to the structure of montmorillonite. Magnetism of Cu(II)-MMT with 3-aminophenol, which is  
observed by optical microscopy, will be investigated in the future.  
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